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INTERNATIONAL PRELIMINARY International application No. 

REPORT ON PATENTABILITY 

(SEPARATE SHEET) PCT/EP2005/001887 

1 . Subject-matter 

The invention pertains to an apparatus and method for fetal heart monitoring. 

2. Novelty 

Document D1 (US-A-4 510 944) is considered the closest prior art. It discloses a 
similar apparatus as defined in claim 1. The device according to claim 1 differs from 
D1 in the feature d) of claim 1 and method step d) of claim 20. In particular, D1 does 
not teach dividing the fetal heart rate data into periods of time for polynomial curve 
fits for each period of time. 

D1 does not disclose these features. The other documents cited In the Search Report 
are more remote. Therefore, claim 1 is novel. 

3. Inventive step 

The problem, the differentiating features solve is how to perform a statistical analysis 
and data reduction of fetal heart rate development over time. 

The solution as defined in claims 1 and 20 by the differentiating features, has neither 
been disclosed, nor suggested in, nor rendered obvious by, any available document 
of the prior art. Therefore, claim 1 involves an inventive step. 
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1, An apparatus for fetal monitoring comprising: 

a) means for determining a fetal heart rate developmenjt 'oVer 
time^ 

b) means for identifying a primary fetal heart rate 
which is required to shift a volume of blood from the 
the cardiovascular system, [ 

c) means for subtracting the primary component from th^ 
determined fetal heart rate to determine a residual co^npbnent; 
and 

d) means for using said residual component for analysi^ bf the 
fetal heart rate beat-to-beat variation^ 

wherein the primary fetal heart rate component is 
identified through a polynomial curve fit approximatioh bf the 
fetal heart rate data, and by: 

(i) dividing the fetal heart rate data into period^ of time 
of a predetermined size; and 

(ii) performing individual polynomial approximatic 
fetal heart rate data for each period of time. 
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2. An apparatus as claimed in claim Ir wherein said 
identifying the primary fetal heart rate component is ^dlapted 
to perform the following steps: I 

(i) linear interpolation of recorded fetal heart' 

(ii) resampling at a resampling frequency r thereby 
a resampled series of fetal heart rate data, and; 

(iii) polynomial curve fit approximation of said ire 
series - 



3, An apparatus as claimed in claim 1 or 2, wherein thi 
polynomial curve fit approximation utilises polynomial 
least the 5th order. 
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4. An apparatus as claimed in claim 3/ wherein said 
polynomials axe of the 5th order. 

5. An apparatus as claimed in claim 3, wherein said 
polynomials are of the 12th order. 



6. An apparatus as claimed in any one of the preceding dlaimS/ 
wherein the polynomial approximation is obtained throuphj ^ 
least squares approximation. 



7. An apparatus as claimed in any one of the preceding 
wherein each polynomial approximation is constrainedi s 
neighbouring polynomial functions align and have equal 
derivatives at the period border where they join. 

8. An apparatus as claimed in any one of the preceding 
wherein the predetermined size is greater than or eqiia 
time corresponding to 20 consecutive heart rate sample 

9. An apparatus as claimed in claim 7, wherein the i 
predetermined size is a time corresponding to 20 conse 
heart rate samples* 

10. An apparatus as claimed in any preceding claim, Wh^ 
the means for using said residual component for anaiys 
the fetal heart rate beat-to-li^eat variation is adapted 
apply statistical tests for analysing the residual 
in order to determine the response of the fetus. 
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11, An apparatus as claimed in claim 10, wherein the' 
statistical test comprises monitoring of a 95th percen 
the fetal heart rate residual component. 
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12. An apparatus as claimed in claim 11^ wherein thei 

i 

statistical test further comprises calculating a media i |aiad a 
variance of said 95th percentile over a predetermined 5elr:.od 
of time. 



13. An apparatus as claimed in claim 12, wherein said 
predetermined period of time is longer than 10 minutes 



14. An apparatus as claimed In any one of claims 11 to li3# 
wherein if the median of the 95th percentile is consis :ently 
below 3m5 the fetal heart rate is classed as abnormal ^nb non- 
reactive. 
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15. An apparatus as claimed in any one of claims 10 to 
wherein said means for using said residual component; 
analysis of the fetal heart rate beat-to-beat variatio^ 
adapted to indicate a significant reduction of fetal i 
reactivity given a recording of the median of the 95th 
percentile below 2.3 ros and the variance of the 95th J 
percentile below 0.1 over an extended period of time; 



16. An apparatus as claimed in any one of claims 10 to lb, 
wherein said means for using said residual coxriponent ' f ori 
analysis of the fetal heart rate beat-to-beat variatioji Ils 
adapted to indicate a significant reduction of fetal ^ 
reactivity given a recording of a decreasing trend of 
median of the 95th percentile over an extended perioci of! ti 



17. An apparatus as claimed in any one of claims 10 to 



13, 



1?; 
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wherein said means for using said residual con^onent • f ori 
analysis of the fetal heart rate beat-to-beat variatio^i 11*; 
adapted to exclude an abnormally low fetal heart rati 
variation If the median of the 95th percentile is cohs:.stently 
above 3ms . 
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18. An apparatus as claimed in claim 10, wherein the' 
statistical test comprises monitoring of a short term, 
4ms, frequency distribution of the fetal heart rate re^i^d 
component - ' 



19, An apparatus as claimed in claim 18, wherein if a 

! 

frequency distribution is less than 7% the fetal heart 
classed as non-reactive. 
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20. A method for fetal monitoring comprising the steps 

a) determining a fetal heart development rate over tim^, 

b) identifying a primary fetal heart rate component wh 
required to shift a volvime of blood from the heart to 
cardiovascular system, 

c) subtracting the primary component from the determin^ 
heart rate to determine a residual component; and 

d) using said residual component for analysis of the f^t'aJ. 
heart rate beat-to-beat variation., 

wherein the primary fetal heart rate component is 
identified through a polynomial curve fit approximation i 
fetal heart rate data, and by: 

(i) dividing the fetal heart rate data into period^ bl: 
of a predetermined size; and 
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(li) performing individual polynomial approximatiojis! of the 



fei^al heart rate data for each period of time. 



21. A computer program for executing the steps of claiii 20 
when the programme is executed in a programmable apparatus 
according to claim 1. 



xs 



bf the 



time 



::eived at the EPO on May 24, 2006 14:13:02, Pj AMENDED SHEET 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record. 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

Yl BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

ti^INES OR MARKS ON ORIGINAL DOCUMENT 

^ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 
"EI^OTHER: _il 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



